A segmented loop antenna is presented for ultra-high frequency (UHF) near-field radio frequency identification (RFID) applications. The proposed segmented configuration makes the current along the loop remain in-phase even though the perimeter of the loop is comparable to the operating wavelength, so that a strong and uniform magnetic field is generated in the region surrounding the antenna. The antenna printed on a FR4 printed circuit board (PCB) with an overall size of 160 Â 180 Â 0.5 mm achieves good impedance matching and uniform magnetic field distribution over an operating bandwidth of 800 -1040 MHz, which is desirable for UHF near-field RFID reader applications.
Introduction: Radio frequency identification (RFID) technology provides the capability of wireless identification and tracking objects in the warehouse, supply chain, control system, and automation process [1] . Generally, the RFID systems at low frequency (LF, 125 -134 kHz) and high frequency (HF, 13.56 MHz) bands are based on inductive coupling to carry power transfer and data transmission between the reader antenna and the tag while the RFID systems at ultra-high frequency (UHF, typically 840 -960 MHz) and microwave (2.4 and 5.8 GHz) bands are based on the propagation of electromagnetic waves to transfer information between the reader and tags. Currently, UHF near-field RFID technology receives a lot of attention owing to the promising item-level applications for pharmaceutical and retail industries [2, 3] . As a result, this greatly spurs the investigation into antennas for UHF near-field applications.
Similar to LF/HF near-field RFID systems, the coupling between the UHF near-field RFID reader antennas and tags can be either magnetic (inductive) or electric (capacitive). An inductive coupling system is preferred for most applications, since most of the reactive energy is stored in the magnetic field. Such a coupling system is only affected by the surroundings of high magnetic permeability objects and it is therefore capable of operating in close proximity to metals and liquids. Conventional loop antennas have been used as reader antennas in LF/ HF RFID systems for many years as these electrically small loop antennas (with the perimeter of the loop antenna C , l/2p, where l is the wavelength at the operating frequency) are able to produce a strong and uniform magnetic field in the region around the antenna. However, when the operating frequency of the antenna rises to the UHF band, the perimeter of the loop antenna becomes comparable to the operating wavelength, the loop antenna cannot produce a uniform magnetic field any more since the current flowing along the loop features phase-inversion and current nulls along the circumference. As a result, the antenna produces a relatively weak magnetic field in certain regions of the antenna so that the RFID tag detection is affected.
The challenge of antenna design for inductive coupling UHF nearfield RFID reader applications is to ensure that the current is of equal magnitude and in-phase along the loop, in order to produce a strong and uniform magnetic field distribution in the interrogation region [4, 5] . Fig. 1 Configuration of segmented loop antenna Antenna configuration: The scheme of the proposed segmented loop antenna printed on a PCB is shown in Fig. 1 . A Cartesian co-ordinate system is oriented such that the upper surface of the FR4 PCB in Fig. 1 lies in the x-y 
and loss tangent tand ¼ 0.02). The segmented coupling line sections provide a very small phase delay between the adjacent sections so that the current flowing along the segmented lines is kept in a single direction. In other words, the current distribution on the segmented loop looks in-phase. Therefore, the segmented loop antenna produces a uniform magnetic field distribution even though the loop is electrically large.
The proposed antenna is indicated with the main geometrical parameters as: L 1 and L 2 , the length of the outer/inner segmented line sections; S 1 and S 2 , the gap between the outer/inner series lines; S, the separation between the parallel lines, and W, the width of the lines. It is found that S between the coupled lines shows a severe effect on antenna performance. Smaller separation is preferable since it offers stronger electromagnetic coupling and causes less current attenuation along the line. The impedance matching between the antenna and the 50 V RFID reader can be achieved using an impedance matching circuit which is realised using tuning stubs or lumped components.
Results:
The antenna was designed with the aid of IE3D software based on the method of moments [6] . The dimensions of the antenna prototype are L 1 ¼ 60 mm, S 1 ¼ 10 mm, L 2 ¼ 58 mm, S 2 ¼ 12 mm, L 3 ¼ 24 mm, S ¼ 0.5 mm, and W ¼ 2 mm, as well as the details of the matching stubs are illustrated in Fig. 1 . Fig. 2 compares the measured and simulated impedance matching of the proposed antenna with 210 dB return loss across the frequency range of 800 -1040 MHz. Fig. 3 demonstrates the simulated current distribution and the magnetic field distribution of the proposed antenna at 900 MHz. The same current flow and uniform field distribution are observed. With an Impinj Speedway reader [7] , the segmented antenna prototype can detect a nearfield UHF RFID tag (Impinj button type tag, J21) [8] at a maximum distance of 100 mm. Conclusions: It is a challenge to design an electrically large loop type antenna at an UHF band with generated uniform magnetic field distribution for near-field RFID applications. The key design consideration is to keep the current along the loop in equal magnitude and in-phase. The proposed segmented loop antenna has demonstrated the capability of producing a strong magnetic field with a relatively uniform field distribution. Such a design is suitable for UHF near-field RFID reader applications. 
